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(54) [Title of the invention] 

ANISOTROPIC ELECTRICALLY CONDUCTIVE ADHESIVE 

(57) [Abstract] 

[Problem] To provide an anisotropic electrically conductive 
adhesive of a thermosetting type which is capable of performing 
a connection in a short period of time particularly at a low 
temperature in an electric connection between fine circuits 
such as an LCD and a TCP, the TCP and a PCB, or the like and, 
also, is excellent in adhesiveness , connection reliability and 
a repair property. 

[Means for Resolution] The above problem is solved by an 
anisotropic electrically conductive adhesive containing, as 
essential components, (A) a (meth )acryloyl novolac resin 
having a phenolic hydroxy 1 group which has a structure 
represented by the formula (1) as a radically polymerizable 
resin, (B) an organic peroxide, (C) a thermoplastic elastomer, 
(D) a maleimide, (E) an aminos ilane coupling agent and (F) 
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electrically conductive particles dispersed in a composition 
of these resins, in which mixing ratios of these resins in terms 
of parts by weight are in the range of the following expression: 
(E)/{(A) + (B) + (C) + (D)} = ((K1 to 10)/100. Chemical Formula 1 is 

(1) 

(in the formula, R x s H or CH 3 , R 2 : H or CH 3 , n/(m+n)- 0,3 to 0-9/1, 
m+n~ from 5 to 10). 

[Claims ] 
[Claim 1] 

An anisotropic electrically conductive adhesive 
comprising, as essential components, (A) a (meth ) acryloyl 
novolac resin having a phenolic hydroxyl group which has a 
structure represented by the formula (1) as a radically 
polymerizable resin, (B) an organic peroxide, (C) a 
thermoplastic elastomer, (D) a maleimide, (E ) an aminosilane 
coupling agent and (F) electrically conductive particles 
dispersed in a composition of these resins, in which mixing 
ratios of these resins in terms of parts by weight are in the 
range of the following expression: 

(E)/{(A)+(B)+(C)+(D)}=(from 0.1 to 10)/100. 
[Chemical Formula 1]: 

(1) 
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(in the formula , R L : H or CH 3 , 
R 2 : H or CH 3 , 

n/(m+n)= from 0.3 to 0.9/1, 
m+n= from 5 to 10) 

[Detailed Description of the invention] 
[0001] 

[Technical Field to which the Invention Belongs] 

The present invention relates to an anisotropic 
electrically conductive adhesive for use in an electric 
connection between fine circuits , for example, a connection 
between an LCD (liquid crystal display) and a TCP (tape carrier 
package), or a connection between the TCP and a PCB (printed 
circuit board). 
[0002] 
[Prior Art] 

Recently, a need for various types of connections between 
fine circuits such as a connection between a liquid crystal 
display LCD and a TCP or a connection between the TCP and a 
PCB has rapidly been increased and, as a connection method, 
an anisotropic electrically conductive adhesive, namely, the 
anisotropic electrically conductive adhesive prepared by 
dispersing electrically conductive particles in an adhesive 
resin has been used- In this method, the anisotropic 
electrically conductive adhesive is interposed between 
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components to be connected with each other and, then f 
heat-pressed to attain electric conduction between top and 
bottom terminals , while maintaining electric insulation 
between adjacent terminals in a direction of plane • The reason 
why the anisotropic electrically conductive adhesive has been 
used in many cases for such applications as described above 
is because a material to be adhered is not thermally resistant 
or a conventional connection method such as soldering which 
causes a shorn circuit between adjacent terminals in the fine 
circuit can not be applied, 
[0003] 

This anisotropic electrically conductive adhesive is 
classified into two types, namely, a thermoplastic type and 
a thermosetting type. As a recent trend, an epoxy resin-based 
anisotropic electrically conductive adhesive of the 
thermosetting type which is excellent in reliability has more 
widely been used than the anisotropic electrically conductive 
adhesive of the thermoplastic type, 
[0004] 

As for the anisotropic electrically conductive adhesive 
of the thermoplastic type, styrene-based copolymers such as 
sbs (styrene-butadiene-styrene) , SIS (styrene-isoprene- 
styrene) and SEBS ( styrene-ethylene-butadiene-styrene) have 
mainly been used. These anisotropic electrically conductive 
adhesives of the thermoplastic type are fundamentally used by 
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a fuse-bonding method* Workability thereof is ordinarily 
considered better than those of the thermosetting type since 
those of the thermoplastic type can be applied at a relatively 
low temperature and for a short period of time , so long as 
working conditions are appropriately selected. However , 
since moisture resistance/chemical resistance of the resin 
contained in the anisotropic electrically conductive 
adhesives of the thermoplastic type is low, they are low in 
connection reliability and, accordingly, can not stand for a 
long-term environmental test- 
[0005] 

On the other hand, as for the anisotropic electrically 
conductive adhesive of the thermosetting type which is now in 
the mainstream, the epoxy-based anisotropic electrically 
conductive adhesive of the thermosetting type which has a 
well-balanced relation between a storage property and a curing 
property has ordinarily been widely used. However, since it 
is necessary to simultaneously have the storage property and 
the curing property of the resin and also, from the standpoint 
of a curing reaction property thereof, to perform heat-curing 
for about 30 seconds at a temperature of from 150 to 200 °c, 
it is difficult to cure the resin within a practical time 

duration at a temperature of, for example, 150 °c or less. 
[0006] 

Further, in reference to the storage property, such 
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systems as mixed with a latent curing agent, for example, a 
BF 3 amine complex, dicyandiamide, a hydrazide of an organic 
acid or an imidazole compound have been proposed. There is 
one which is excellent in the storage property but requires 
a long period of time and a high temperature for curing and 
there is another one which can cure for a short period of time 
at a low temperature but has a problem of a low storage property „ 
Therefore, there is none which satisfies all of these 
conditions . 
[0007] 

in addition to the aforementioned problems, in a 
connection operation of fine circuits therebetween by using 
the anisotropic electrically conductive adhesive of the 
thermosetting type, a requirement for reconnecting (so-called 
repair) a component which is once connected but peeled off 
because of misalignment or other reasons with a care of neither 
breaking nor damaging it is often raised. However, most of 
the anisotropic electrically conductive adhesive s of the 
thermosetting type advantageously have high adhesion force and 
high reliability but hardly comply with such contradictory 
requirements as described above and, therefore, there are none 
which satisfies these properties and requirements. 
[0008] 

Recently, in particular, a LCD module inclined to have 
a large screen, a high precision and a narrow picture frame 
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has rapidly been developed. Along with such development, a 
finer connection pitch or a smaller connection width has 
rapidly been advanced- For this account, there causes a 
problem in that r for example, when the LCD and the TCP are 
connected with each other,, a misalignment of a connection 
pattern is generated due to an elongation of the TCP at the 
time of connection or a component inside the LCD is thermally 
affected by heat generated at the time of connection due to 
a small width of a connection portion. Further, in a case in 
which the TCP and the PCB aire connected with each other, there 
causes a problem in that, since PCB is inclined to have a long 
web, the PCB and LCD are curled by heat generated at the time 
of connection, to thereby break wiring of the TCP. 
[0009] 

Then, in order to solve these problems, it has been 
considered to perform connections at a lower temperature than 
before. For example, when a connection is performed by using 
a conventional anisotropic electrically conductive adhesive 
of the thermoplastic type, there is a probl_em in that, although 
it is possible to attain the connection at a relatively low 
temperature, since moisture resistance/ thermal resistance of 
the resin is low, connection reliability is unfavorable. 
Further, when the connection is performed at a low temperature 
by using the epoxy resin-based anisotropic electrically 
conductive adhesive which is in the mainstream of the 
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thermosetting type, a long period of time is required for curing 
the resin and, accordingly, this adhesive is also not 
practicable. 
[0010] 

As for anisotropic electrically conductive adhesive s 
which allow a low temperature connection to be performed, a 
case in which electrically conductive particles are dispersed 
in an adhesive resin comprising a cat; ionic polymerizable 
substance and a sulfonium salt (JP-A No. 7-90237) , and another 
case in which electrically conductive particles are dispersed 
in an epoxy resin or the like and a 4- ( dialkylamino ) pyridine 
derivative ( JP-A No. 4-189883) have also been proposed. 
However, these proposals are not satisfactory for practical 
applications due to problems in, for example, a storage 
property of the adhesive resin and corrosion of connected 
circuit terminals . 
[0011] 

Further, as an article which allows the low temperature 
connection to be performed, the anisotropic electrically 
conductive adhesive of the thermosetting type in which 
electrically conductive particles are dispersed in a resin 
composition comprising a radically polymerizable resin, an 
organic peroxide, a thermoplastic elastomer and a maleimide 
and which is characterized in that the radically polymerizable 
resin is a (meth)acryloyl phenolic novolac resin having a 
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phenolic hydroxylic group is also proposed. However , a resin 
system which satisfies all of properties , for example, a curing 
property, workability, adhesiveness, adhesiveness after 
treatment at high temperature/high humidity and connection 
reliability in a well-balanced manner has not been obtained - 
For this account, there is a strong demand for an anisotropic 
electrically conductive adhesive which can perform a low 
temperature connection and is excellent in adhesiveness, 
connection reliability, a storage property, a repair property 
and the like. 
[0012] 

[Problems that the invention is to Solve] 

The present invention has been achieved as a result of 
various types of intensive studies in view of these problems 
of the prior art and an object thereof is to provide an 
anisotropic electrically conductive adhesive of a 
thermosetting type which is capable of performing a connection 
in a short period of time particularly at a low temperature 
in an electric connection between fine circuits such as an LCD 
and a TCP, the TCP and a PCB, or the like and, also, is excellent 
in adhesiveness, connection reliability and a repair property. 
[0013] 

[Means for Solving the Problems] 

The present invention relates to an anisotropic 
electrically conductive adhesive comprising, as essential 
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components, (A) a < meth ) acryloyl novolac resin having a 
phenolic hydroxyl group which has a structure represented by 
the formula ( 1 ) as a radically polymerizable res in f (B) an 
organic peroxide, (C) a thermoplastic elastomer, (D) a 
maleimide, (E) an aminosilane coupling agent and (F) 
electrically conductive particles dispersed in a composition 
of these resins, in which mixing ratios of these resins in terms 
of parts by weight are in the range of the following expression: 
(E)/{(A)+(B)+(C)+(D)}=(0.1 to 10)/100. 

[0014] 

[Chemical Formula 1] 

(1) 

(in the formula, "R 1 x H or CH 3 , 
R 3 : H or CH 3 , 

n/(m+n)- from 0-3 to 0,9/1, 
m+n= from 5 to 10) 

[0015] 

[Mode for Carrying Out the Invention] 

Hereinafter, the present invention is described in 
detail. An anisotropic electrically conductive adhesive 
according to the present invention is characterized by 
comprising an aminosilane coupling agent* By comprising the 
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aminosilane coupling agent, when a TCP for use in an LCD and 
a PCB are connected with each other, the TCP and the PCB can 
be connected with each other at a low temperature for a short 
period of time and, further, since the aminos ilane coupling 
agent exhibits an action of coupling a resin composition a 
(meth)acryloyl novolac resin, a thermoplastic elastomer and 
maleimide) and a component to be connected (TCP or PCB) at the 
time of thermocompression, adhesiveness and connection 
reliability having such an extent as can not be obtained by 
a conventional anisotropic electrically conductive adhesive 
of a radically curing type can be obtained. Other silane 
coupling agents than the aminosilane coupling agent are low 
in an effect of coupling the present resin composition and the 
component to be connected and only the aminosilane coupling 
agent can obtain the effect of coupling the present resin 
composition and the component to be connected at a relatively 
low temperature and for a short period of time. Further, since 
the effect of coupling the present resin composition and the 
component to be connected can be exhibited by heating, the 
anisotropic electrically conductive adhesive according to the 
present invention is excellent also in the storage property, 
[0016] 

The aminosilane coupling agents according to the present 
invention are not particularly limited and may be used each 
individually or in combinations thereof. Examples thereof 
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include 3-aminopropyl trimethoxy silane, 3-aminopropyl 
triethoxy silane , 2 -aminoethyl aminomethyl trimethoxy silane, 
3-aminopropyl dimethyl ethoxy silane, allyloxy-2 -aminoethyl 
aminomethyl dimethyl silane, 3-aminopropyl ethoxy methyl 
silane, 3- ( 2-aminoethyl aminoproyl )trimethoxy methyl silane, 
3- ( 2-aminoethyl aminoproyl ) trimethoxy silane, 3- 
allylaminopropyl trimethoxy silane, 2- ( 2-aminoethyl 
thioethyl ) diethoxy methyl silane, 3-aminophenoxy dimethyl 
vinyl silane, 4-aminophenoxy dimethyl vinyl silane, 3- 
piperazinopropyly trimethoxy silane, 3-[2-( aminoethyl 
aminoethyl ) propyl ] trimethoxy s ilane , 3 -phenyl aminopropyl 
trimethoxy silane, 3-cyclohexyl propyl trimethoxy silane, 
3-benzyl aminopropyl trimethoxy silane, 3-(vinyl benzyl 
aminopropyly ) trimethoxy s ilane and 3 - ( vinyl benzyl 
aminopropyly) triethoxy silane. An amount of the aminosilane 
coupling agent to be added is preferably in the relation of: 
(E)/{(A) + (B) + (C) + (D)> = (0.1 to 10)/100. When the amount of the 
aminosilane coupling agent to be added is 0.1% by weight or 
less , since an effect of coupling between the resin composition 
and the component to b£ connected is not exhibited, sufficient 
adhesiveness can not be obtained. Further, when it is 10 parts 
by weight or more, when it is contained in the anisotropic 
electrically conductive adhesive, the aminosilane coupling 
agent and the resin composition are allowed to react with each 
other and a problem, such as deterioration of the storage 
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property, is generated- Further, since the aminos ilane 
coupling agent itself has a water-absorbing property, moisture 
resistance of the anisotropic electrically conductive 
adhesive is deteriorated and, then, problems such as 
deterioration of adhesion force and connection reliability 
after treatment at a high temperature and a high humidity is 
generated, 
[0017] 

As for the radically polymerizable resin to be used in 
the present invention, a (meth )acryloyl novolac resin having 
a phenolic hydroxy 1 group as represented by the formula (1) 
is mainly used, other resins, in addition to this resin, which 
have at least one carbon-carbon double bond and are 
polymerizable may be used either each individually or in 
combinations thereof. Specific examples of radically 
polymerizable resins include a vinyl ester resin, acrylates 
such as a urethane acrylate resin, an unsaturated polyester 
resin and a diallylphthalate resin- Among these resins, the 
vinyl ester resin and the urethane resin which simultaneously 
have a curing property and a storage property and, thermal 
resistance, moisture resistance and chemical resistance of a 
cured product can favorably be used. Further, in order to 
secure the storage property, it is possible to add in advance 
a polymerization inhibitor such as any one of quinones, 
polyphenols and phenols (for example, JP-A No. 4-146951). 

♦ 
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Still further/ in order to improve the curing property , 
fluidity at the time of heating and workability , it is possible 
to dilute these resins with any one of acrylates such as 
trijnethylolpropane triacrylate (TMPTA) , pentaerythritol 
diallylate monostearate , tetraethylene glycol diacrylate and 
pentaerythritol tetraacrylate , styrene monomers such as 
styrene or an ordinary reactive diluent and f then, the 
thus-diluted resin can be used. 
[0018] 

A ratio of the (meth ) acryloyl novolac resin having a 
phenolic hydroxyl group to be used in the present invention 
in the radically reactive resin is preferably from 2 0% by weight 
to 100% by weight. When the ratio is 20% by weight or less, 
the anisotropic electrically conductive adhesive comprising 
the resin of such ratio as described above can not obtain 
sufficient adhesiveness- Further, the (meth )acryloyl novolac 
resin having a phenolic hydroxyl group, which means a compound 
having a structure represented by the formula (1), is not 
particularly limited and referred to a resin prepared by 
allowing a glycidyl group of glycidyl (meth) aery late and an 
hydroxyl group of the novolac resin to perform an addition 
polymerization or by allowing a carboxyl group of (meth) acrylic 
acid and an epoxy group of the novolac-type epoxy resin to 
perform an addition polymerization or the like. The novolac 
resin to be used on this occasion is, for example, a resin 
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prepared by a condensation reaction between, for example, any 
one of phenol, cresol, xylenol, alkyl phenols such as butyl 
phenol and nonyl phenol or any one of polyphenols such as 
catechol, resorcinol or hydroquinone and formaldehyde and has 
an average nuclear number of from 5 to 10. In a case of formed 
into an anisotropic adhesive, phenol or cresol can 
advantageously be used when adhesiveness, connection 
reliability and a rapid curing property of the anisotropic 
electrically conductive adhesive comprising such resin as 
described above are taken into consideration. In the reaction 
between any one of these novolac resins and a glycidyl 
methacrylate, by changing reaction conditions such as loading 
ratios, a ratio of the phenolic hydroxyl group and the 
(meth)acryloyl group in the (meth)acryloyl novolac resin 
having a phenolic hydroxyl group can easily be controlled. 
[0019] 

The ratio of the phenolic hydroxyl group and the 
(meth)acryloyl group of the (meth)acryloyl novolac resin 
having a phenolic hydroxyl group is preferably in the relation 
of n/(m+n)=0.3 to 0.9/1. When it is in the relation of 
n/(m+n)>0 . 9/1, the ratio of the (meth ) acryloyl group is 
increased and in the anisotropic electrically conductive 
adhesive comprising such resin as described above, the curing 
property is favorable but there is a problem in that the 
adhesiveness is deteriorated. When it is in the relation of 
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n/ (m+n)<0 .3/1 , in the anisotropic electrically conductive 
adhesive comprising such resin as described above, the 
adhesiveness is favorable but there is a problem in that the 
curing property is deteriorated and a linking density is 
deteriorated and, accordingly, reliability is deteriorated. 
An average nuclear number (m+n) of the (meth )acryloyl novolac 
resin having a phenolic hydroxyl group is preferably from 5 
to 10. When the average nuclear number is in the relation of 
(m+n)<5, in the anisotropic electrically conductive adhesive 
comprising such resin as described above, there is a problem 
in that the curing property is deteriorated and the 
adhesiveness is deteriorated. Further, when it is in ( m+n)>10, 
a softening point of the resin is elevated and, in the 
anisotropic electrically conductive adhesive comprising such 
resin as described above, fluidity comes to be insufficient 
and, accordingly, a sufficient adhesiveness can not be 
obtained. 
[0020] 

The organic peroxide to be used in the present invention 
is not particularly limited. Examples of such organic 
peroxides include 1 , 1 , 3 r 3-tetramethyl butyl peroxy-2- 
ethylhexanate, t-butyl peroxy-2-ethylhexanate, t-hexyl 
peroxy- 2 -ethylhexanate t l , l-bis ( t-butylperoxy ) - 3 , 3 , 5- 

trimethyl cyclohexane, 1 , l-bis ( t-hexyl peroxy) -3,3,5- 
trimethyl cyclohexane, and bis ( 4-t-butyl eye lohexy 1 ) peroxy 
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dicarbonate. These peroxides can be used each individually 
or in the form of a mixture of two or more to control the curing 
property, it is possible to add in advance various types of 
polymerization inhibitors in order to improve the storage 
property, it is also possible to dilute the peroxide with a 
solvent or the like to facilitate an operation of dissolving 
it into the resin- It is of course understood that a choice 
of the kind and an amount of the peroxide to be used is determined 
according to desired properties, that is, the curing property 
and the storage property of the adhesive after mixed with any 
one of various types of peroxides . 
[0021] 

The thermoplastic elastomer to be used in the present 
invention is not particularly limited . Examples of such 
thermoplastic elastomers include polyester resins, 
polyurethane resins, a polyimide resin, polybutadiene , 
polypropylene, a styrene-butadiene-styrene copolymer, a 
polyacetal resin, a polyvinylbutyral resin, butyl rubber, 
chloroprene rubber, a polyamide resin, an acrylonitrile- 
butadiene copolymer, an acrylonitrile-butadiene-methacrylic 
acid copolymer, an acrylonitrile-butadiene-styrene copolymer, 
a polyvinyl acetate resin, nylon, a styrene-isoprene copolymer, 
a styrene-butylene-styrene block copolymer, a styrene- 
ethylene-butylene-styrene block copolymer, a polymethyl 
methacrylate resin. When characteristics such as 
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adhesiveness and connection reliability of the anisotropic 
electrically conductive adhesive comprising such resin as 
described above are taken into consideration, among these 
resins, an acrylonitrile-butadiene-raethacrylic acid 
copolymer, a polyester, a polyamide resin, nylon, a 
polyvinylbutyral resin and a styrene-ethylene-butylene- 
styrene block copolymer are more preferably used. 
[0022] 

The maleimide to be used in the present invention is not 
particularly limited so long as it has an action of allowing 
the radically polymerizable resin and the thermoplastic 
elastomer to be compatible with each other, ordinarily, such 
maleimides as having any one of the chemical structures 
represented by the formulas (2) and (3) are used. Any of these 
chemical structures can be selected or changed depending on 
usage conditions (connection temperature and connection time) 
of the anisotropic electrically conductive adhesive, the types 
of the radically polymerizable resin and the thermoplastic 
elastomer. in order to further improve compatibility of the 
radically polymerizable resin and the thermoplastic elastomer 
therebetween, an amine-modif ied maleimide, particularly such 
amine-modif ied maleimide as has been deprived of unreacted 
amine by an operation such as reprecipitation in order to 
improve the storage property of the former amine-modif ied 
maleimide can further be used. 
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[0023] 

[Chemical 2] 

(2) 

(in the formula, R3: monovalent organic group) 

[0024] 

[Chemical 3 ] 

(3) 

(in the formula, R4 : monovalent organic group) 

[0025] 

The electrically conductive particles to be used in the 
present invention are not particularly limited so long as they 
have electric conductivity. Metals such as nickel, iron, 
copper, aluminum, tin, lead, chromium, cobalt, silver and gold, 
metallic alloys, metallic oxides, and carbon, graphite, glass, 
ceramic and plastic particles having metallic coatings thereon 
and the like can be applied. The diameter, material, and 
blending ratio to the resin composition of the electrically 
conductive particles can appropriately be determined 
dependent on the pitch or pattern of circuits to be connected, 
and the thickness or material of the circuit terminal. 
[0026] 
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According to the present invention/ when a heat-curing 
connection is performed by using the anisotropic electrically 
conductive adhesive to be obtained by dispersing electrically 
conductive particles in an adhesive in which the radically 
polymerizable resin, the organic peroxide and the 
thermoplastic elastomer are mixed together , since the 
radically polymerizable resin and the thermoplastic elastomer 
are allowed to be compatible with each other by the maleimide 
contained in the adhesive , the adhesive is cured in a uniformly 
dispersed state and, further, by using the (meth)acryloyl 
novolac resin having a phenolic hydroxyl group as the radically 
polymerizable resin and the aminos ilane coupling agent, 
excellent adhesiveness and connection reliability are 
obtained and, as a result, the anisotropic electrically 
conductive adhesive of the thermosetting resin type which 
allows the connection to be performed at an extremely low 
temperature and for a short period of time and is excellent 
in adhesiveness, connection reliability, the storage property 
and the repair property can be obtained. 
' [0027] 
[Examples ] 

The present invention is now described in detail with 
reference to examples and comparative examples. 
[Example 1] 

200 parts by weight of a 50% solution of methacryloyl 
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phenolic novolac resin having a structure represented by the 
formula (4) [n/ (ra+n)=0 . 7/1; nH-n=8] dissolved in methyl ethyl 
ketone, 5 parts by weight of 1,1,3,3- tetramethyl butyl peroxy 
hexanoate, 500 parts by weight of a 20% solution of 
acrylonitrile-butadiene-methacrylic acid copolymer having a 
structure represented by the formula (5) dissolved in methyl 
ethyl ketone, 350 parts by weight of a 20% solution of 
diaminodiphenyl methane-type bismaleimide having a structure 
represented by the formula (6) dissolved in tetrahydrofuran, 
3 parts by weight of 3-aminopropyl triethoxy silane and 7 parts 
by weight of Ni/Au -plated polystyrene particles were mixed to 
be evenly dispersed. The resultant mixture was cast on 
polyethyleneterephthalate film treated with a mold parting 
agent with a thickness of 45 pona dry basis and, then, dried, 
to thereby obtain an anisotropic electrically conductive 
adhesive, 
[0028] 

[Chemical 4] 

(4) 

[0029] 

[Chemical 5] 

(5) 
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(Is 27 wt%, n: 4.0 mol%, molecular weight: 100,000) 

[0030] 

[Chemical 6) 

(5) 

[0031] 
[Example 2] 

An anisotropic electrically conductive adhesive was 
obtained in a same manner as in Example 1 except that 10 parts 
by weight of 3-aminopropyl triethoxy silane was used. 
[0032] 
[Example 3] 

An anisotropic electrically conductive adhesive was 
obtained in a same manner as in Example 1 except that 3 parts 
by weight of 2-aminoethyl aminomethyl trimethoxy silane was 
used in place of 3-aminopropyl triethoxy silane. 
[0033] 
[Example 4] 

An anisotropic electrically conductive adhesive was 
obtained in a same manner as in Example 1 except that 3 parts 
by weight of 2-aminoethyl aminomethyl trimethoxy silane was 
used in addition to 3 parts by weight of 3-aminopropyl triethoxy 
silane* 
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[0034] 
[Example 5] 

An anisotropic electrically conductive adhesive was 
obtained in a same manner as in Example 1 except that 200 parts 
by weight of a 5 0% solution of raethacryloyl phenolic novolac 
resin having a structure represented by the formula (4) 
[n/(m+n)=0.5/l; m+n=8] dissolved in methyl ethyl ketone was 
used. 
[0035] 
[Example 6] 

An anisotropic electrically conductive adhesive was 
obtained in a same manner as in Example 1 except that 140 parts 
by weight of a 50% solution of methacryloyl phenolic novolac 
resin having a structure represented by the formula (4) 
[n/(m+n) =0.7/1; m+n=8j dissolved in methyl ethyl ketone and 
30 parts by weight of trimethylolpropane triacrylate were used. 
[0036] 

[Example 7] 

An anisotropic electrically conductive adhesive was 
obtained in a same manner as in Example 1 except that 200 parts 
by weight of a 50% solution of a saturated copolymerized 
polyester (molecular weight: 25,000; softening point: 120*0) 
as a thermoplastic elastomer dissolved in methyl ethyl ketone 
was used. 
[0037] 
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[Example 8] 

An anisotropic electrically conductive adhesive was 
obtained in a same manner as in Example 1 except that 500 parts 
by weight of a 20% solution of an epoxidized styrene- 
ethylene-butylene-styrene block copolymer as a thermoplastic 
elastomer dissolved in methyl ethyl ketone was used. 
[0038] 
[Example 9] 

An anisotropic electrically conductive adhesive was 
obtained in a same manner as in Example 1 except that 
4 , 4 ' -diaminodiphenyl methane-modified bismaleimide having a 
structure represented by the formula (7) was used in place of 
diaminodiphenyl methane-type bismaleimide. 
[0039] 

[Chemical 7] 



(7) 



(in the formula, n=l to 10) 

[0040] 

[Comparative Example 1] 

An anisotropic electrically conductive adhesive was 
obtained in a same manner as in Example 1 except that 3- 
aminopropyl triethoxy silane was removed. 
[0041] 
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[Comparative Example 2] 

An anisotropic electrically conductive adhesive was 
obtained in a same manner as in Example l except that 0.1 part 
by weight of 3 -aminopropyl triethoxy silane was used. 
[0042] 

[Comparative Example 3] 

An anisotropic electrically conductive adhesive was 
obtained in a same manner as in Example 1 except that 33 parts 
by weight of 3 -aminopropyl triethoxy silane was used. 
[0043] 

[Comparative Example 4] 

An anisotropic electrically conductive adhesive was 
obtained in a same manner as in Example 1 except that 3 parts 
by weight of vinyl trimethoxy silane was used in place of 
3-aminopropyl triethoxy silane. 

[0044] 

[Comparative Example 5] 

An anisotropic electrically conductive adhesive was 
obtained in a same manner as in Example 1 except that 3 parts 
by weight of y-methacryloxy propyl trimethoxy silane was used 
in place of 3-aminopropyl triethoxy silane. 
[0045] 

[Comparative Example 6] 

An anisotropic electrically conductive adhesive was 
obtained in a same manner as in Example 1 except that 200 parts 
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by weight of a 50% solution of a cresol novolac-type vinyl ester 
having a structure represented by the formula (8) dissolved 
in methyl ethyl ketone was us-ed in place of methacryloyl 
phenolic novolac resin [n/(m+n)=0.7/l; m+n=8]. 
[0046] 

[Comparative Example 7] 

An anisotropic electrically conductive adhesive was 
obtained in a same manner as in Example 1 except that 140 parts 
by weight of a 50% solution of a cresol novolac-type vinyl ester 
having a structure represented by the formula (8) dissolved 
in methyl ethyl ketone and 3 0 parts by weight of trimethylol 
propane were used in place of methacryloyl phenolic novolac 
resin [n/ (m+n)=0.7/l ; m+n*=8 ] , 
[0047] 

[Chemical 8] 

(8) 

(in the formula , n=5) 

[0048] 

Materials used in the examples and comparative examples 
are shown in Table I, while the compositions and the evaluation 
results of adhesion forces, connection reliability and the 
storage property are shown in Tables 2 and 3- 
[0049] - 
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[Table 1] 



Table 1 





Material name 


n/(m-m) 


m+fi 


Radically polymenzable resin 


G 


Methacryloyl phenolic novolac resin 


Formula (4) 


0.7/1 


.8. 


H 


Methacryloyl phenolic novolac resin 




0.571 


8 


1 


Cresol novolac-type vinyl ester 


Formula (8) 






J 


Trimethylol propane triacrylate 








Organic peroxide 




1,1.3.3-tetramethyl butyl peroxy-2-ethylhexanoate 








Thermoplastic elastomer 


K 


Acrylonitnle-butadiene-methacrylic acid copolymer 


Formula (5) 




L 


Saturated copolymerized pdyester 

moleculer weight 25,000 softening point 1 20°C 




M 


Epoxidized styrene-ethylene4)utylene-styrene block copolymer 




Electrically conductive particle 




Ni/Au-plated polystyrene particle 
average particle size: 5 




Maleimide 


N 


Diaminodiphenyl propane-type bismaleimide 


Formula (6) 


O 


M'-diaminodiphenyl methane-modified bismaleimide 


Formula (7) 


Aminosilane coupling agent 


P 


3-aminopropyl triethoxy silane 




Q 


2-aminoethyl aminomethvl trimethoxy silane 




R 


3-aminopropyl trimethoxv silane 




Vinyl silane coupling aqent 




Vinyl trimethoxy silane 




Melhacrylic silane coupling agent 




Y-methacryloxy propyl trimethoxy silane 
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[Table 1] 



Table 1 





Material name 


n/{m+n) 


m-m 


Radically polymerizable resin 


G 


Methacryloyl phenolic novolac resin 


Formula (4) 


0.7/1 


8 


H 


Methacryloy! phenoDc novolac resin 




0.5/1 


8 


1 


Cresol novolac-type vinyl ester 


Formula (8) 






J 


Trimethylol propane triacrylate 








Organic peroxide 




1,1,3,3-tetramethyl butyl peroxy-2-ethylhexanoate 






i nerrnopiasuc elastomer 


J\ 


Acrylonitrile-butadiene-methacrylic acid copolymer 


Formula (5) 


L 


Saturated copolymerized polyester 

moleculer weight 25,000 softening point 120°C 




M 


Epoxidized styrene-ethylene-butylene-styrene block copolymer 




Electrically conductive particle 




Ni/Au-pJated polyslyrene particle 
average particle size: 5 pirn 




Maleimide 


N 


Diaminodiphenyl propane-type bismaleimide 


Formula (6) 


0 


^'-diaminodiphenyl methane-modified bismaleimide 


Formula (7) 


Aminosilane coupling agent 


P 


3-aminopropyl triethoxy silane 




Q 


2-aminoethy| aminomethyl trimethoxy silane 




R 


3-aminopropyl trimethoxy silane 




Vinyl silane coupling agent 




Vinyl trimethoxy silane 




Methacrylic silane coupling agent 




Y-methacryloxy propyl trimethoxy silane 
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[0050] 
[Table 2] 



Table 2 





Example 


1 


2 


3 


4 


5 


6 


7 


8 


Q 


Radically 

polymerizable 

resin 


G 


50% solution of 
methyl ethyl ketone 


200 | 


200 


200 


200 




140 


200 


200 


200 


H 


50% solution of 
methyl ethyl ketone 










200 










1 


50% solution of 
methyl ethyl ketone 




















J 














30 








Organic peroxide 


5 


5 


5 


5 


5 




«i 






Thermoplastic 
elastomer 


K 


20% solution of 
methyl ethyl ketone 


500 


500 


500 


500 


500 


500 








L 


50% solution of 
methyl ethyl ketone 














200 






M 


20% solution of 
methyl ethyl ketone 
















500 




Electrically conductive particle 


7 


7 


7 


7 


7 


7 


7 


7 


7 


Maleimide 


N 


20% solution of 
tetrahydrofuran 


350 


350 


350 


350 


350 


350 


350 


350 




0 


20% solution of 
tetrahydrofuran 


















350 


Aminosilane 
coupling agent 


P 


3 


10 




3 


3 


3 


3 


3 


3 


Q 








3 












R 






I 3 














Vinyl silane coupling agent 




















Methacryl silane coupling agent 




















(E)/{(AWBWCWD» 


11/100 


3.6/100 


1.1/100 


2.2/100 


1.1/100 


1.1/100 


1.1/100 


1.1/100 


1.1/100 


Adhesion force 
(g/cm) 


Initial 


1000 


1400 


1100 


1400 


1200 


1000 


900 


1000 


1300 


After treatment 


900 


1200 


900 


1100 


1000 


800 


800 


1000 


1100 


Connection 
reliability (Q) 


Initial 


1.1 


1.2 


1.1 


1.2 


1.3 


1.1 


1.2 


1.2 


1.1 


After treatment 


1.2 


1.4 


1.2 


1.3 


1.4 


1.3 


1.3 


1.4 


1.2 


Storage property 


O 


O 


O 


O 


O 


o 


O 


O 


O 
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[0051] 
[Table 3] 



Table 3 





Com 


parative Example 






1 


2 


3 


4 




R 


7 
/ 


Radically 

polymerizable resin 


G 


50% solution of 
methyl ethyl ketone 


200 


200 


200 


200 


200 






H 


50% solution of 
methyl ethyl ketone 
















1 


50% solution of 
methyl ethyl ketone 














i^n 


J 
















ou 


Organic peroxide 


5 


5 


5 


kJ 


o 


c 

D 


c 
0 


Thermoplastic 
elastomer 


K 


20% solution of 
methyl ethyl ketone 


500 


500 


500 


500 






*^nn 


L 


50% solution of 
methyl ethyl ketone 
















M 


20% solution of 
methyl ethyl ketone 
















Electrically conductive 


^ particle 


7 


7 


7 


7 


7 


7 


7 


Maleimide 


N 


20% solution of 
tetrahydrofuran 


350 


350 


350 


350 


350 


350 


350 


O 


20% solution of 
tetrahydrofuran 
















Ammosilane coupling 
agent 


P 




0.1 


33 






3 


3 


Q 
















R 
















Vinyl si lane coupling agent 








3 








Methacryl silane coupling agent 










3 






(E)/{(AWBWCWD)> 


0/100 


0.04/100 


12/100 


1.1/100 


1.1/100 


1.1/100 


1.1/100 


Adhesion force (g/cm) 


Initial 


500 


500 


1500 


600 j 


500 


600 


500 


After treatment 


200 


300 


600 


300 


300 


500 


400 


Connection reliability (Q) 


Initial 


1.2 


1.2 


2.4 


1.3 


1.2 


1.2 


1.2 


After treatment 


1.4 


1.3 


open 


1.4 


1.3 


14 


1.3 


Storage property 


O 


Q 


X 


O 


O 


O 


o 
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[0052] 

1. Preparation of Test Sample 

As for a material to be adhered , a TCP (pitch: 0.3 0 mm; 
number of terminals: 60) which comprises a tin-plated 
(thickness of tin: 0.5 jjun) copper foil/ polyimide=25/7 5 \xm, 
and a PCB (pitch: 0.3 0 mm; number of terminals: 60) which 
comprises a gold flash-plated four-layer board (FR-4) 
(thickness : 0 . 8 mm) having inner and outer layers made of copper 

foil (thickness: 18 jjtm) were employed. 
[0053] 

2. Test Method of Adhesion Force 

The sample was adhered in a compression manner under a 
pressure of 30 kg/cm 2 for 15 seconds at a temperature of 130 Q C 
and, then, evaluated by a 9 0° peeling test. 
[0054] 

3. Method for Measuring Connection Reliability 

Connection resistance was measured at each time the 
sample was freshly prepared and it was left to stand for 100 
hours at a temperature of 85 °c and a humidity of 85%. When the 
connection resistance was unable to be measured, the sample 
was evaluated as electric conduction failure (OPEN) . 
[0055] 

4. Method for Measuring Storage Property 

After the anisotropic electrically conductive adhesive 
was stored for two weeks in an atmosphere of 25°C, it was applied 



2004$ 9fl 2B 16411ft BuM fc* 



NO. 0 0 35 P. 42/47 



to the sample and was adhered thereto in a compression manner 
under a pressure of 30 kg/cm 2 for 15 seconds at a temperature 
of 13 0°C and, then, connection resistance was measured* When 
the value thereof was 1 .5 £2 or less, the value thereof was marked 
with a large circle (O), while, when the value thereof was 1*5 
Q or more, the value thereof was marked with a cross ( X) . 
[0056] 

[Advantage of the Invention] 

By using the anisotropic electrically conductive 
adhesive according to the present invention, connection of a 
fine circuit electrode can be attained at a temperature as low 
as approximately 130°Cp Further, the anisotropic electrically 
conductive adhesive which is excellent in workability and a 
long-term reliability can be obtained. 
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